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OBJECTIVES This study was aimed at evaluating global characteristics of electrical restitution in the human
ventricle using noncontact mapping.
BACKGROUND Steep action potential restitution (slope 1) and conduction velocity (CV) restitution have
been linked with propensity to ventricular fibrillation, but clinical measurement of global
electrical restitution had not been feasible.
METHODS Activation-recovery interval (ARI) and CV restitution curves were simultaneously con-
structed from 16 regional segments of the left and right ventricles in 8 patients (6 male, 2
female, age 42  17 years) following successful ablation of idiopathic ventricular tachycardia
in the absence of structural disease guided by the Ensite 3000 system (Endocardial Solutions
Inc., St. Paul, Minnesota). The ARIs were determined from reconstructed unipolar
electrograms as validated with monophasic action potential recordings. The ARI restitution
slopes were determined using the overlapping least-squares linear segments.
RESULTS Global electrical restitution curves were heterogeneous in shape and distribution. ARI
restitution slope was1 at 25% of 128 sites. The overall mean slope was 0.79 and was greater
in the left than the right ventricle (0.93  0.49 vs. 0.65  0.26, p  0.001). Dispersion of
ARI restitution slopes increased with decreasing diastolic intervals. The CV restitution
operated over a narrower range of diastolic intervals compared with ARI restitution, reaching
a plateau (10  6 ms vs. 38  13 ms, p  0.001) after refractoriness. The magnitude of CV
restitution was also greater (steeper) than ARI restitution (25  10% vs. 18  9%,
p  0.001).
CONCLUSIONS Noncontact mapping can be used to examine global electrical restitution in the human
ventricle. The ARI restitution is heterogeneous, with a slope 1 at 25% of all sites. The
heterogeneity of ARI and CV restitution may be important in determining myocardial
electrical stability. (J Am Coll Cardiol 2005;46:1067–75) © 2005 by the American College
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.05.074of Cardiology Foundation
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cpatial and temporal heterogeneity of cardiac repolarization
ontribute to the occurrence of ventricular arrhythmias
1–5). The action potential duration (APD) restitution
urve, which portrays the relationship between local APD
nd the preceding diastolic interval, has received much
nterest with its potential role in ventricular fibrillation (VF)
6–8). The “restitution hypothesis” states that a slope of the
PD restitution curve 1 may lead to repolarization
lternans, wavebreak, and transition from ventricular tachy-
ardia to VF even in a ventricle without pre-existing
epolarization heterogeneity (7,9). Conduction velocity
CV) restitution may determine the spatial discordance of
epolarization alternans and the genesis of a slower type of
F (10–12). However, clinical data regarding geographic
istribution of electrical restitution have been lacking (8,13)
ecause repolarization measurements were limited to se-
uential acquisition from only one or two sites (3,4,14–17).
From the *Wessex Cardiac Center, Southampton General Hospital, Southampton,
nited Kingdom; and the †Cardiology Division, Veteran Affairs Medical Center,
ashington, DC. Dr. Yue is funded by the Wessex Cardiac Electrophysiology
esearch Fund and has previously participated in scientific studies for Endocardial
olutions and St. Jude Medical.i
Manuscript received March 10, 2005; revised manuscript received May 12, 2005,
ccepted May 31, 2005.We have previously validated the use of activation-
ecovery intervals (ARIs) reconstructed by noncontact map-
ing to estimate local APDs in the human ventricle (18). In
his study, we used noncontact mapping to construct global
lectrical restitution curves in the left or right ventricle to
etermine the characteristics of ARI and CV restitution in
atients without structural heart disease.
ETHODS
atients. Eight consecutive patients (6 male, 2 female, age
2  17 years) referred for radiofrequency ablation of
diopathic ventricular tachycardia or unifocal ectopics
uided by noncontact mapping were recruited into the study
Table 1). Inclusion criteria were absence of structural heart
isease or family history of sudden death, normal twelve-
ead surface electrocardiograms, normal echocardiography
r magnetic resonance imaging, and absence of significant
bstructive stenosis (50%) on coronary angiography. All
ntiarrhythmic medications were discontinued for five half-
ives. The study was performed in the left ventricle (LV) or
ight ventricle (RV) in the postabsorptive state after suc-
essful ablation of ventricular tachycardia. No patients had
nducible ventricular arrhythmias by programmed electrical
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Noncontact Mapping of Electrical Restitution September 20, 2005:1067–75timulation following the ablation procedure. All patients
ad signed written consent before the study. Ethical ap-
roval of this study has been granted by the local research
thics committee.
oncontact mapping. The technique of noncontact map-
ing using the Ensite 3000 system (Endocardial Solutions,
t. Paul, Minnesota) has been described previously (19,20).
he system consists of a 64-multielectrode array mounted
n a 7.5-ml inflatable balloon on a 9-F catheter, an
mplifier system, and a Silicon Graphics workstation. For
V study, the array catheter was introduced under fluoro-
copic guidance from the left femoral artery via the retro-
rade transaortic route into the ventricle. For RV study, the
rray catheter was introduced from a femoral vein. A 7-F,
-mm-tip deflectable ablation catheter (Stinger; Bard, Low-
ll, Massachusetts) was then introduced into the ventricle
sing the same route as the array catheter. The system
alculated the position of the ablation catheter relative to the
xed known positions of the ring electrodes at either end of
he multi-electrode array. A three-dimensional geometry of
he ventricle was then determined.
onstruction of restitution curves. Constant right ven-
ricular pacing (S1) was performed with a bipolar woven
atheter (Bard) at the right ventricular apex for 2 min at a
aseline cycle lengths of 400 ms using a pulse width of 2 ms
uration and stimulus strength of twice the diastolic thresh-
ld. After steady state had been established, an extra
timulus (S2) was introduced at every 10-beat cycle. The
oupling interval of S1-S2 was decremented by 20 ms every
ycle down to 300 ms and by 10 ms every cycle from 300 ms
ntil S1 refractoriness. The APD restitution curves were
Abbreviations and Acronyms
APD  action potential duration
ARI  activation-recovery interval
AT  activation time
CV  conduction velocity
LV  left ventricle
RT  repolarization time
RV  right ventricle
UE  unipolar electrogram
VF  ventricular fibrillation
able 1. Patient Characteristics
atient
Age
(yrs) Gender
Study
Ventricle Diagnosis
1 37 M Right VT
2 69 M Right VE
3 60 F Right VE
4 61 M Right VT
5 32 M Left VT
6 20 F Left VT
7 33 M Left VT
8 32 M Left VEVEF  left ventricular ejection fraction; RF  radiofrequency ablation; VE  unifocal vetermined by plotting local ARIs at prespecified sites
gainst preceding diastolic intervals. Conduction velocity
estitution curves at the same sites were determined by
lotting conduction velocity from the site of earliest activa-
ion in the ventricle against diastolic intervals.
ata analysis. Data were analyzed using standard software
ith the Silicon Graphics workstation (version 4.0, Silicon
raphics Inc., Mountain View, California). Measurements
ere made manually from electrograms displayed on a color
onitor at 200 mm/s resolution. The use of electronic
alipers from the workstation allowed timings to be deter-
ined to the nearest 1 ms.
OCAL ARIS. Estimation of repolarization timings from
econstructed unipolar electrograms (UEs) has been vali-
ated previously (21). Local activation time (AT) was
easured from onset of activation to the time of dV/dtmin of
he local QRS complex. Activation-recovery interval was
efined as the interval between AT and repolarization time
RT). The RT was measured at the dV/dtmax for the
egative T-wave, the dV/dtmin of the positive T-wave, and
t the mean time between dV/dtmax and dV/dtmin for the
iphasic T-wave. T waves with an interrupted descending or
scending phase were occasionally seen, which may repre-
ent a differential contribution of repolarization from the
ransmural myocardium (22), resulting in double-peak de-
ivatives. Local RTs at these sites were estimated at the
ean time between two peak derivatives. The UEs with flat
waves and ST-segment elevation without discernable
-wave upstroke were excluded from measurement. Dia-
tolic interval was measured from the end of repolarization
RT) from the preceding beat to the AT of the following
eat. At very short S1-S2 coupling intervals when the RT of
he last S1 beat was not clearly visible owing to encroach-
ent of the S2, the last S1 RT was estimated as the average
f three preceding S1 RTs during steady-state pacing.
LOBAL ARI. A custom-designed template was used to
isplay the paired UE and its first derivative (dV/dt) from
hree endocardial sites at a time. At each S1-S2 coupling
nterval, a total of 16 sites were analyzed from each ventricle.
ach site was randomly selected from each of 16 predefined
egments in the LV or RV geometry (Fig. 1). Sites were
Chamber
Diameter
(mm)
LVEF
(%)
RF
Lesions
Location of RF
Lesions
(Segment No.)
32 57 4 13
31 61 6 13
27 58 6 15
29 66 6 13,16
34 62 3 11
52 58 6 7,12
46 66 10 11,12
47 60 1 1entricular ectopics; VT  sustained monomorphic ventricular tachycardia.
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September 20, 2005:1067–75 Noncontact Mapping of Electrical Restitutionampled evenly selected from the entire ventricle prior to
lectrogram analysis. Three reconstructed endocardial UEs
rom different segments of the geometry were simulta-
eously displayed on the workstation. Within-segment
ariability of ARI was calculated in 6 patients (#2 to #7) by
he difference in ARI timing between two randomly selected
djacent sites 1 cm apart. Variability measurements were
ade during constant pacing and at the shortest S1-S2
oupling interval of each restitution curve.
igure 1. Schematic diagram showing 16 regional segments in both left
nd right ventricles (RV) from which data were sampled. RVOT  right
entricular outflow tract.
igure 2. Activation-recovery interval (ARI) restitution and slope measure
eft ventricle during S1-S2 stimulation is shown. ARIs and diastolic interv
etermined using their respective first derivatives (dV/dt)—virtuals 7, 9, 11 at th
B) and left ventricular site (C) are measured by 16 overlapping least-squares linRI RESTITUTION SLOPES. The maximum slope for each
estitution curve was fitted using the overlapping least-
quares linear segments (16). Restitution slopes were ana-
yzed from 40-ms diastolic interval segments in steps of 10
s with the maximum slope used for comparison with other
urves (Fig. 2). The shape of a restitution curve was also
ssessed by measuring the slopes of a curve at 5 segments of
he total range of S1-S2 diastolic interval (0% to 10%, 10%
o 30%, 30% to 50%, 50% to 75%, and 75% to 100%) from
2 refractoriness to baseline pacing. Because the baseline
RIs in different geographic segments were not identical,
omparison between different curves was made after nor-
alization of ARIs to percentage of baseline ARIs.
V. The CV was calculated by dividing the distance from
he site of earliest activation to the site of recording by the
ctivation time between the two sites (11). The site of
arliest activation was determined from isochronal mapping
f the ventricle. The distance between these sites was taken
s an average of three measurements of straight lines drawn
long the geometric surface and perpendicular to the iso-
hrones. Maximum CV restitution (difference of CV at
aseline and shortest coupling intervals) has been used as a
easure of steepness of CV restitution (11). We defined the
(A) Simultaneous measurement of ARIs at three sites in the posterobasal
parentheses) from unipolar virtual electrograms—virtuals 6, 8, 10—arement.
als (ine same sites. Maximum ARI restitution slopes from a right ventricular site
ear segments. LVOT  left ventricular outflow tract; MV  mitral valve.
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Noncontact Mapping of Electrical Restitution September 20, 2005:1067–75agnitude of CV restitution as a percentage of baseline
alue.
tatistical analysis. Continuous data were presented as
eans  standard deviations. Dispersion was quantified
sing the standard deviation and the coefficient of variation
ratio of standard deviation and the mean, in percent). The
ispersion of ARI restitution slope at each diastolic interval
egment was used as an index for comparison within each
entricle and between patients. Activation-recovery interval
igure 3. Global activation-recovery interval (ARI) restitution curves. Sim
nd left ventricle (B). Color labels for the 16 regional segments are illustrestitution data were compared with CV restitution data in fach patient using the paired t test, paired by sites and
iastolic intervals. Left and right ventricular restitution data
ere compared by the unpaired unequal variance t test. A p
alue 0.05 was considered statistically significant.
ESULTS
estitution curves were constructed using a basic drive cycle
ength of 400 ms from a total of 128 endocardial sites: 64
eous restitution curves were constructed at 16 sites in a right ventricle (A)
n (C). Locations of the 16 segments are shown in Figure 1.ultanrom the right ventricle of 4 patients and 64 from the left
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September 20, 2005:1067–75 Noncontact Mapping of Electrical Restitutionentricle of 4 patients. Of 1,968 recordings of ARIs made at
hese sites during construction of restitution curves, 22 (1%)
ere excluded from analysis because of flat or ambiguous T
aves at short coupling intervals. Within-segment variabil-
ty of ARI was 8  11 ms during constant pacing and 6 
ms at the shortest S1-S2 coupling intervals.
verage ARI and regional variability in RV and LV. The
ean ARI during steady-state pacing was 209  11 ms. At
he shortest S1-S2 coupling intervals, the mean ARI was
75  16 ms. The mean global dispersion of ARI (coeffi-
ient of variation) at steady state was 7.7  2.1%, and at
inimum S1-S2 coupling interval it was 11.2 3.7 % (p
.01). The duration of ARI at a specific site was inversely
orrelated with local activation time for the same preceding
iastolic interval. For each specific site, however, properties
f electrical restitution were observed, with ARI shortening
ith decreasing diastolic interval in a complex relationship.
The ARI restitution curves in each ventricle were variable
n their shapes and slopes, and could not be systematically
tted with a simple exponential curve. Examples of global
estitution curves from 16 sites determined simultaneously
n the left ventricle or right ventricle are given in Figure 3.
he steep initial phase of ARI restitution was found in the
nterval range between refractoriness and a diastolic interval
f approximately 50 ms, with an early maximum approach-
ng or exceeding steady state at a mean diastolic interval of
8 13 ms. In 52 of 128 restitution curves (41%), there was
complex and “supranormal” response in the initial phase
hen the ARI temporarily exceeded the steady-state ARI.
igure 4. Distribution of activation-recovery interval restitution slopes. M
n patients 1 to 8. Brown circles  sites of ablation therapy. In patients with idi
re located in segments with a restitution slope 1.RI restitution slopes. The maximum restitution slope
as 1 in 32 (25%) of all sites. The mean restitution slope
f the left ventricle was significantly greater than the mean
lope of the right ventricle (0.94  0.49 vs. 0.66  0.25,
 0.001). The overall mean slope was 0.79  0.49. In the
hree patients with inducible idiopathic LV (fascicular)
achycardia (Patients #5, #6, and #7), sites with the greatest
lopes were located in the mid/basal septum of the LV
djacent to sites of catheter ablation of ventricular tachycar-
ia. In the other five patients with focal RV or LV outflow
achycardia, sites of successful ablation were not located at
egments with the steepest slopes (Fig. 4).
The shapes of restitution curves from different regions
ere analyzed after normalization of diastolic intervals and
RIs to steady-state values. The slope was steepest at 0% to
0% of baseline diastolic interval in both left and right
entricles with a mean of 0.76  0.51 (Fig. 5A). In 78
estitution curves (70%), the steepest segment was located at
% to 10% of baseline diastolic interval, whereas in 34
estitution curves (30%), it was situated at 10% to 30% of
aseline diastolic interval. Dispersion of restitution slope as
efined by the standard deviation of the mean was also
reater with decreasing diastolic interval, ranging from 0.09
0.03 over the plateau phase to 0.50  0.15 over the steep
nitial phase of the restitution curve (Fig. 5B).
V restitution. The CV restitution curves resemble ARI
estitution curves in that a variable or supranormal initial
hase could be demonstrated in 56 of 128 sites (44%) and
ould not be fitted with a simple mathematical function.
l restitution slopes are shown in color in the 16 segments of the ventricleaxima
opathic left ventricular (fascicular) tachycardia (#5 to #7), sites of ablation
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Noncontact Mapping of Electrical Restitution September 20, 2005:1067–75owever, CV restitution operated over a narrower range of
iastolic intervals than did ARI restitution (Fig. 6). The
teep initial ascending phase of CV restitution reached
teady-state plateau after a diastolic interval of only 10  6
s from refractoriness, or the initial 6  4% of the total
ange of diastolic intervals from refractoriness to steady-
tate pacing, compared with 38  13 ms and 22  7%,
espectively, for ARI restitution (p  0.001). The magni-
ude of CV restitution was greater (steeper) than ARI
estitution at the same endocardial sites in all patients (25
0% vs. 18  9%, p  0.001) (Table 2). There was no
ignificant difference in the magnitude of CV restitution
etween left and right ventricles (24  8% vs. 26  12%,
 0.18) or in the magnitude of ARI restitution between
eft and right ventricles (19  12% vs. 17  5%, p  0.23).
ISCUSSION
e have systematically analyzed global repolarization data
rom the human left and right ventricles using noncontact
apping. The major findings are: 1) global restitution
hanges as derived by noncontact mapping cannot be
epresented by a simple mathematical function because of
onsiderable heterogeneity of restitution curve characteris-
ics; 2) although some ARI restitution slopes exceed 1, most
igure 5. Activation-recovery interval restitution slopes at different dia-
tolic intervals. Mean (SD) restitution slopes (A) and dispersion oft
estitution slopes (B) are greatest in the initial 0% to 10% of the restitution
urves.V and all RV slopes do not; and 3) compared to ARI
estitution, early CV restitution is steeper and reaches a
lateau over a much narrower range of diastolic intervals.
The time course of APD changes with proximity to the
efractory period of a preceding beat has been previously
escribed in animal and human studies. In cat papillary
uscle (23) and right ventricle of the in vivo human heart
3,8,14,15), the restitution curve assumes biphasic or tripha-
ic characteristics, with a steep initial phase up to a diastolic
nterval of about 50 ms, then reaching a supernormal phase
efore the plateau phase toward the steady-state diastolic
ntervals. Our results using noncontact mapping are consis-
ent with these studies.
In contrast to Purkinje fibers, which have a monotonic
estitution response, the early time course of electrical
estitution curves from the human ventricle may be biphasic
r triphasic and variable between different endocardial
egments. This lends further support to the assertion that
estitution curves should not be fitted with a simple math-
matical function (e.g., mono-exponential curve) because this
ould result in smoothing of physiological data (16). Biphasic
r triphasic time course of early ARI restitution is observed in
minority of sites in our study probably because ARI mea-
urement is validated at the 90% repolarization time point (18).
his may not be as sensitive as the 70% repolarization time
oint, which has been used in monophasic action potential
ecordings to detect complexities of early restitution (8).
We have found restitution slopes of1 at 25% of all sites
ithout exogenous adrenergic stimulation. The restitution
ypothesis in its original form proposes that, in a homoge-
eous two-dimensional medium without conduction un-
oupling, a steep slope of1 predisposes to APD alternans,
piral wave breakup, and degeneration into VF, whereas
attening of the restitution slope to1 promotes stability of
spiral wave and transition from VF to monomorphic
entricular tachycardia (7,9). Thus far, studies in animal
odels and a study in the human ventricle at two sites have
dentified restitution slopes of 1 (17,24–26). However,
he global electrical restitution patterns of patients at high
isk of ventricular arrhythmias and sudden death have not
et been defined. Our results suggest that ARI restitution
lope of 1 is found at only a minority of endocardial
egments in patients at low risk of sudden cardiac death.
We have also shown that there is significant global
eterogeneity of restitution slopes during the steep phase of
PD restitution in the human heart. There is interventric-
lar variation with the mean slope in the left ventricle
ignificantly greater than the right ventricle with an overall
ean of 0.79. Intraventricular variation of restitution slopes
s also seen. Previous experimental work using optical
apping has shown a linear positive gradient of restitution
ith increasing distance from a pacing site, although resti-
ution slope was not specifically calculated (27). Our results
uggest that this relationship is less predictable but never-
heless heterogeneity exists. The steeper slopes in the LV
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September 20, 2005:1067–75 Noncontact Mapping of Electrical Restitutionompared to RV could be consistent with a transventricular
estitution gradient induced by premature stimulation at the
V apex, or it may be an intrinsic property of the LV. It is
otable that restitution curves with the steepest slopes (1)
igure 6. Global conduction velocity restitution curves from a right ventricl
entricle at the same sites as in Figure 3. *Magnitude of CV restitution fore located close to sites of ablation in three of three patients rith idiopathic left ventricular (fascicular) tachycardia pre-
iously inducible by programmed electrical stimulation, but
n 0 of 5 patients with focal ventricular outflow tachycardia.
his suggests that dispersion of ARI restitution slope may
and a left ventricle (B). Measurements are taken from 16 segments in each
14 of the right ventricle.e (A)epresent a substrate for initiation of re-entrant ventricular
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Noncontact Mapping of Electrical Restitution September 20, 2005:1067–75rrhythmias as suggested by Pak et al. (17), but this
upposition requires further evaluation.
The range of conduction velocities at specific segments
uring steady-state pacing are consistent with those mea-
ured in optical mapping studies (11,25). However, the
agnitude of maximum CV restitution in our patients
25%) is greater than the rabbit model (5%, from 67 to 64
m/s without pharmacological challenge) (11) despite the
atter study being performed with a pacing drive cycle length
own to 110 ms. In our patients, ARI restitution is
eterogeneous, has a magnitude of 18% of steady-state ARI,
nd plateaus after the initial 38 ms (22% of the diastolic
nterval at resting state). In contrast, CV restitution has a
reater magnitude of 25%, but reaches a plateau after only
0 ms (6% of the diastolic interval at resting state) in the
nitial phase of the curve and therefore operates at a very
arrow range of diastolic intervals. Thus, ARI and CV
estitution curves in this study resemble those in the
xperimental model of VF induction by rapid pacing (10)
nd may have important implications on the electrical
tability of the normal ventricle (12). During very rapid
acing or ventricular tachycardia that results in diastolic
ntervals of 10 ms, ARI restitution is likely to engage CV
estitution because of the greater magnitude and steepness
f the latter, which may lead to discordant alternans and
F. But at longer and more physiological diastolic intervals,
he presence of a flat CV restitution response may dampen
he effects of ARI heterogeneity and thus maintain electrical
tability.
linical implications. Global APD and CV restitution
an be determined in the clinical setting. The S1-S2 pacing
rotocol in this study yields results similar to those achieved
ith dynamic pacing in the human ventricle (17). It is
herefore unlikely that cardiac memory significantly compli-
ates extrapolation of experimental restitution data to ar-
hythmogenesis in the human heart. Under physiological
onditions, we have shown that CV restitution may be an
mportant factor that maintains electrical stability despite
eterogeneity of APD restitution. In cardiac ischemia, APD
estitution is flattened but the steepness of CV restitution is
Table 2. ARI Restitution Slope and Magnitud
Patient
Study
Ventricle
Maximum ARI Slo
Mean (Range)
1 Right 0.78 (0.28–1.47)
2 Right 0.55 (0.28–0.91)
3 Right 0.61 (0.06–0.99)
4 Right 0.66 (0.33–1.00)
5 Left 0.99 (0.63–1.37)
6 Left 1.25 (0.45–2.14)
7 Left 1.03 (0.25–2.22)
8 Left 0.46 (0.14–0.91)
All 0.79  0.41
Magnitude of restitution is presented as percentage of stead
ARI  activation-recovery interval; CV  conduction vencreased, thereby resulting in the degeneration of ventric- jlar tachycardia to type-2 VF (11). In right ventricular
ardiomyopathy, exaggerated dispersion of APD restitution
etween adjacent myocardium (3) may overcome the stabi-
izing effects of CV restitution and serve as a mechanism for
hase-2 re-entry and arrhythmia initiation. We propose
hat the global pattern of coupling between APD and CV
estitution is more important than APD restitution slope
er se in determining ventricular electrical stability. Further
linical studies of the interactions between APD and CV
estitution in patients predisposed to VF may elucidate in
ivo mechanisms that destabilize wavefront propagation and
esult in VF induction.
tudy limitations. Potential errors may exist in estimating
he distance of impulse propagation. These are minimized
y measurements made perpendicularly to lines of iso-
hrones to mimic the actual propagation pathway. Conduc-
ion velocity is inversely correlated with activation delay
hich may have two components: local capture delay and
onduction time further downstream. Nevertheless, the
ocal activation times and conduction velocities measured
eflect the exact input of activation wavefront to the specific
ites (11). Ventricular fibrillation can be induced by high-
ate pacing (28) but this has not been performed in our
atients because of ethical constraints. For the same reasons,
hort S1 drive pacing rate has not been used, but its absence
ould explain the discrepancy in restitution slopes between
his study and animal models.
onclusions. Noncontact mapping can be useful as a
linical tool to investigate spatial dispersion of APD and CV
estitution in the human ventricle. In this study, we have
emonstrated that ARI restitution is heterogeneous with a
lope of 1 at 25% of all sites, whereas CV restitution is
arrow and steep. This may provide insight into the
nstantaneous and global processes of activation and repo-
arization in patients at high risk of ventricular arrhythmias.
eprint requests and correspondence: Dr. John M. Morgan,
essex Cardiac Center, Southampton General Hospital, Mail-
oint 46, Southampton SO16 6YD, United Kingdom. E-mail:
Restitution
Magnitude of
ARI Restitution
(Mean  SD%)
Magnitude of CV
Restitution
(Mean  SD%)
18  6 33  8
18  7 12  6
19  4 23  7
15  4 39  7
24  5 17  3
23  12 34  3
25  9 26  5
5  6 19  4
18  9* 25  10*
value (see Fig. 6A). *p  0.001 (see text).e of
pemm@cardiology.co.uk.
R1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
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2
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